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® Process for producing a neutral paper. 

@ A process dealing with fibre and filler retention and simultaneously drainage in a neutral paper-making 
system, especially in the neutral paper-making system making use of a large quantity of high yield wood pulp, 
which comprises adding a cationized starch, bentonlte, colloidal silica and optionally a water-soluble aluminium 
salt to a stock slunv consisting of a filler and the pulpstuff containing a high yield pulp. 

The time interval between the addition of the pentonite and colloidal silica is at most 60 seconds. Optionally. 
|f> these two compounds are added as a mixture. 
O) 

o 

5! 



LU 



Xerox Copy Centre 



EP 0 310 959 A1 



Process for producing a neutral paper 



Detailed Description of The Invention 



The industrial field of utilization 

5 

This invention relates to a process for producing a neutral paper, especially for producing effectively a 
neutral wood containing paper which contains filler and a majority of high yield pulp. 

More specifically, this invention relates to a process for producing a neutral wood containing paper, 
whereby the retention of pulp fiber and filler can be improved, and drainage from fiber (hereinafter referrer< 
10 as drainage ) and operatlonability of paper-making can be also improved. 



Prior art 

75 Heretofore, there have been carried out acidic paper-making processes which comprise adding, to stock 
or pulp sluny. an anionic sizing agent and water-soluble aluminum salt such as aluminum sulfate as fixing 
agent in a large amount to make paper in acidic pH range. In such processes, a paper strengthening resin 
such as anionic polyacrylamide could be easily fixed onto pulp fiber by action of aluminum ion, 
strengthening paper. Similarly, the retention of pulp fine and filler could be improved by addition of anionic 

20 high molecular polyacrylamide. 

Recently, so-called neutral papers made in weak acidic or weak alkaline range of 6-9 of pH using none or 
very little amount of aluminum sulfate are being widely used instead of prior acidic papers made in acidic 
paper-making systems. 

Methods for improving the retention in the neutral paper-making processes are disclosed e.g., in 
25 Japanese patent application disclosure No. 12868/1977. in which pulp slurry Is admixed with a low 
•molecular cationfzing agent and then with a cationic internal-additive such as catlonic paper strengthening 
resin and cationic retention aid agent ; in Japanese patent application disclosure No.51 900/1 982. in which a 
binder consisting of colloidal silica and cationized starch is introduced into initial pulp slurry before wet web 
layer is formed ; in Japanese patent application disclosure No.502004 /1 983, in which a binder containing 
30 colloidal silica and cationic or amphoteric gua gum is incorporated into pulp slunry before wet web layer is 
formed, and cationized starch is further incorporated with the binder, so that the retention of filler is 
improved ; in Japanese patent application disclosure No.1 10998 /1 977, in which colloidal silica and cationic 
or amphoteric polyacrylamide derivative are incorporated to initial pulp slurry before wet web layer is 
formed, and cationized starch is further contained therewith, so that the good retention of pulp fine and filler 
35 can be obtained in neutral paper-making system ; and in Japanese patent application disclosure 
No.1 52899/1 980, in which bentonite clay and water-soluble high molecular nonionic polymer are added to 
initial pulp slurry containing no filler, so that the drainage and retention of fiber can be improved. 



40 Subject matters that the invention Is to solve 

For the sake of success of paper making in neutral system, the achievement of high retention of pulp 
fiber and filler is essential. Low retention thereof will entail contamination in paper-making system and web- 
break, lowering operatlonability of paper-making. Various kinds of additives and processes for improving 

45 retention have been provided for this object as stated before. 

In comparison with the system making a woodfree paper, woodfree coated paper, speciality paper 
which contains either zero or little amount of high yield pulp such as mechanical pulp, the system making 
wood containing paper which contains large amount of high yield pulp will Include large amounts of anionic 
impurities. Accordingly, in this neutral system for making wood containing paper in neutral stock, the effect 

50 of improving the retention is extremely damaged in general even by using the additives and processes 
which are so effective in the neutral system for making woodfree paper in which a large majority of 
bleached woodfree pulp is used. And. a large amount of pitch contained in mechanical pulp is liable to give 
rise to so-called pitch trouble, causing lowering of operatlonability. These problems would be one of major 
causes retarding appearance of neutral wood containing paper. Thus, the development of a new additive 
and new process for improving retention of pulp fiber and filler, has been desired, which is also effective in 
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the neutral wood containing paper-nnaking system. 

The object of this invention is to provide a process capable of obtaining a sufficiently higher retention of 
fiber and filler and simultaneously an Improved drainage in the neutral paper making system, especially in 
the neutral wood containing paper making system which contains a large majority of high yield pulp. 
5 Another object of this invention Is to provide a process for producing neutral wood containing paper with 
a high productivity in which above-said improvement of the retention and drainage causes various kinds of 
trouble happened in operation of paper machine to decrease. 

10 Means of solving the subject matters 

We have now found as the result of diligent Investigation continued for accomplishing above-said object 
that the synergistic use of bentonite. colloidal silica, and cationized starch is extremely effective for the 
purpose of improving the retention of pulp fiber and filler in the slurry system which contains filler and pulp 
75 consisting of large amounts of high yield pulp in a weak acidic or weak alkaline pH range of 6 -9. 

Thus, this invention provides a process for producing a neutral paper which comprises adding a cationized 
starch, bentonite, and colloidal silica to a stock slurry consisting of filler and a pulpstuff containing a high 
yield pulp in an amount ranging from zero to 100 weight percents to make paper in a neutral pH range. 
According to this invention, there is realized such a high retention of filler and pulp fine as would never 
20 be expected from the technologies disclosed in Japanese patent application disclosure No. 51900/1982, in 
which colloidal silica and cationized starch are used in combination, and in Japanese patent application 
disclosure No. 152899/1 982, in which bentonite and water-soluble high molecular nonionic polymer are used 
in combination ; and simultaneously drainage can be improved, and pitch trouble which would happen 
frequently in neutral wood containing paper making system can be avoided. 
25 The detailed embodiments of this invention will be better illustrated In the following. 

The high yield pulp in this invention stands for a pulp whose yield in the production is higher than the 
yield of chemical pulp exemplified as kraft pulp and sulfite pulp, for example, semichemical pulp (SCP ) . 
stone groundwood pulp (SOW ) , refiner groundwood pulp (RMP ) . thenmomechanical pulp (TMP ) , cheml- 
thermomechanlcal pulp (CTMP) . chemiground wood pulp (CQP ) . deinking waste paper pulp (DIP ) , etc., 
30 in their bleached or unbleached forms. 

These high yield pulps are usually made in one factory for making paper following to pulp-making, in 
which pulp produced are not previously dried l^efore paper making, but are in a wet state to some extent, 
so that organic and inorganic impurities introduced from the pulp making step remain unremoved, whereby 
such impurities would give rise to some serious trouble in ordinary paper making process. 
35 The neutral wood containing paper in this invention represents ail the paper and papert>oard produced 
from pulp stock which contains high yield pulp is an amount ranging from 5 wt. % to 100 wt % in the pH 
range of 6 to 9, generally from 6.5. to 8.5. 

The filler in this invention can be arbitrarily selected from ordinary mineral fillers having anionic surface 
at least in parts, for example, kaolin (china clay) , titanium dioxide, terra alba, caicined clay, synthetic silica, 
40 aluminum hydroxide, talc, ground limestone, precipitated calcium carbonate, etc.. which can be ail used 
satisfactorily. In the neutral paper-making system of this invention, ground limestone or precipitated calcium 
carbonate is preferably used solely or in combination with other kinds of fillers. The rate of filler contained 
in paper is at most 60 wt.%, preferably from 5 wt % to 40wt. % based on dry paper. Above 60 wt.%, the 
strength and stiffness of the resulting paper considerably lowers. In this filler are included fillers derived 
45 from broke, coated broke, waste paper, etc. other than newly added filler. 

Bentonite in this invention denotes a ultrafine clay consisting mainly of montmorillonite as its main 
mineral which is a stratiform silicate swelling in water. Bentonites in. general definition contain the ones 
whose swelling is negligible or very little. Such bentonites have to be activated before used in this invention, 
namely stratiform silicate must be treated with an adequate base such as sodium carbonate or potassium 
50 carbonate to change it to the fomn capable of swelling, i.e.. the form usable in this invention. 

Bentonites whose swelling degree { gram weight of water-swelled bentonite /gram weight of bentonite) 
is at least 5. preferably at least 8 can be preferably used in this invention. Bentonites whose swelling 
degree is less tiian 5 are less effective. Sodium bentonite is preferably used in tiiis Invention. These 
bentonites are used in the range of 0.05 wt% to 2 wt.%. preferably from 0.05 wt.% to 1.0 wt. % based on 
55 the weight of total cellulose fiber. The use of the amount less than 0.06 wt. % does not perform the effect 
improving the retention of fiber and filler, and the use of more ttian 2 wt.% is rather liable to decrease the 
yield thereof. 

Colloidal silica in this invention may be in the form of polisillcate or colloidal silica sol. and the latter will 
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bring a best result Preferable colloidal silica in said sol is the one whose surface area is in the range of 
about 50 m2/g to about 1000 m^/g, preferably from about 200 m^/g to about 1000 m^/g, and most preferably 
from about 300 m^/g to about 700 mVg, , ^.r^ ^ 

This colloidal silica sol is stabilized with an alkali in order that the molar ratio of S1O2 /M2O can be in 
the range of 10 /I to 300/1. preferably from 15/1 to 100/1. wherein M is an ion selected from the group 
consisting of Na. K. U, and NH* ion. 

Particle size of the colloidal silica Is at most 60 nm. The average particle diameter is preferably 
adjusted In the range of at most 20 nm. more preferably from about one nm to about 10 nm, wherein the 
average particle diameter of the colloidal silica having about 550 m2/g of surface area Is about 5.5 nm. 

These colloidal silica are used in an amount of at most one wt. %, preferably ranging from 0.01 wt% to 
0.3 wt % based on cellulose fiber. If it is used beyond one wt. %. the amount of cationized starch and 
bentonite to be added will increase in proportion with the increased amount of colloidal silica, which causes 
cost increase and deterioration of the stock. Addition of less than 0.01 wt% will not perform the effect for 
improving the retention. 

The cationized starch used in this invention can be obtained by cationizing ordinary starch such as corn 
starch, potato starch, tapioca starch, etc. Cationization is canried out by conventional methods In which at 
least one basic nitrogen group selected from the group consisting of primary, secondary, tertiary amine and 
quaternary ammonium group Is introduced to tiie starch. The amount of the basic nitrogen group to be 
introduced is In the range of 0.1 wt % to 0.8 wt %. preferably from 0.2 wt. % to 0.5wt.%, which will 
20 promise a good result Especially, the cationized starch whose basic nitrogen atom Is tiie one Introduced by 
quaternary ammonium group can be preferably used in this invention. 

In tiie paper making process, tiie tiiree components of bentonite. colloidal silica and cationized starch 
are all added to tiie stock slurry before web layer is formed on tiie wire of paper machine. 

In this invention, the stock slurry to which tiie three components are added also Includes tiie slurry 
25 containing pulp and no filler, as well as tiie slurry containing botii pulp and filler. Namely, tiie time that filler 
is added to tiie sluny Is not limited to tiie time before any of tiie tiiree components is added tiiereto. 

Addition of a water-soluble aluminum salt in combination witti bentonite. colloidal silica, and cationized 
starch will lead to tfie furttier increased effect of tills invention. 

As tiie water-soluble aluminum salt to be used in tills invention, are cited aluminum sulfate. 
30 polyaluminum chloride, sodium aluminate. polydiallyldimetiiylaluminumchlorlde. etc. ; generally, aluminum 
sulfate Is preferably used. Aluminum sulfate is preferably added tiiereto before addition of bentonite and 
colloidal silica, so ttiat a preferable result can be obtained. In ttiis case, tiie water-soluble aluminum salt is 
added in an amount ranging from 0.01 wt. % to 1.0 wt. %. preferably from 0.02 wt. % to 0.5 wt. %. as 
AI2O3. based on cellulose fiber, so that a good result will be obtained. Addition of less tiian 0.01 wt. % will 
35 make less contribution to ttie effect improving tiie yield and to ttie effect depressing pitch ti-ouble. Addition 
of more than 1.0 wt.% is not preferable, because of occunrence of vigorous decomposition of calcium, 
carbonate which is occasionally used, and because of acceleration of paper strengtii lowering. 

The water-soluble aluminum salt will effectively react, as cationic substance, witii anionic impurities 
contained in tiie stock, so tiiat the use of it in cooperation witii cationized starch, bentonite and colloidal 
40 Silica will lead to a more considerable improvement of retention and drainage in comparison witii no use of 
It, and will lead to avoidance of pitch trouble due to woodpulp and avoidance of white pitch trouble due to 
latex contained In coated broke, which will be especially effective in tiie system using a high speed paper 
machine and in tiie paper making system where pitch trouble will occur frequentiy. 

The feature of tills invention is tiiat tiie three components of bentonite. colloidal silica, and cationized 
45 starch are used to ttie stock. And, it is considered ttiat tiiese tiiree components will form a complex in the 
stock or pulp sluny containing filler, so that said effect of tills invention will be performed. A preferable 
weight ratio of colloidal silica/bentonite is in tiie range from 1/0.5 to 1/15. and a preferable weight ratio of 
colloidal sillca/cationized starch is in tiie range from 1/1 to 1/25. 
The range otiier than above said one will have the addition effect decreased, 
so The pH of pulp sluny in which ttie complex can be formed Is In the range of 6 to 9, preferably from 6.8 
to 8.5, which can be adjusted by addition of alkaline filler or alkaline substance and water-soluble aluminum 
salt 

In order to yield tfie sufficient effect of tills invention, ttie mettiod for adding above-said components is 
essential. Namely, tiie time interval that bentonite and colloidal silica are added Is essential, and it has been 
55 found from experiment that ttie shorter ttie time interval, tiie better ttie result is. If tiie time interval is 
beyond 60 seconds, ttien ttie effect is rather lowered compared with ttie effect in case tiiat two components 
of cationized starch and colloidal silica are used, which will make it impossible to accomplish tiie object of 
this invention. Accordingly, it is necessary tiiat the time interval tiiat bentonite and colloidal silica are added 
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is below 60 sec, preferably below 30 sec. And, it is most effective that bentonite and colloidal silica are 
added continuously or simultaneously. 

It is also possible that bentonite is mixed with colloidal silica just before the addition, and then the 
mixture is added thereto. 

5 Although the addition order of bentonite and coiioidai silica is not essential, cationized starch is 
preferably added prior to the addition of those two substances. And, although these three components may 
be dividually added to several portions, bentonite and coiioidai silica must be added in such a way as 
satisfying above-said addition condition, in at least one portion to be added. And. chemicals for paper- 
making such as sizing agent, dyestuff, fluorescent dye, etc. may be added, if necessary. 

70 The use of cationized starch of this invention serves increasing of paper strength, but cationic 
acrylamide can be used jointly for further improvement of the paper strength. 

The method of this invention can be naturally applied to the process for producing woodfree paper 
containing none of high yield pulp, but can be most effectively used to the process for producing wood 
containing neutral paper which contains a majority of high yield pulp. 

75 

Working 

The working mechanism of the process of the invention is not yet fully made clear, but it Is estimated 
20 that the effect of the process of this invention will be based on that cohesion and adhesion of fine fibers 
and/or filler particles, or adhesion of these fine fibers onto long fibers will be effected through the aid of a 
complex made from bentonite. cationized starch, and colloidal silica, thereby bentonite and colloidal silica 
are considered to act as anionic substance. And. as to bentonite, it is considered that it would also have an 
action of absorbing anionic impurities contained in tfie stock. It is considered tiiat if bentonite and colloidal 
25 silica are added with a long time interval therebetween, each one will respectively react with the 
components contained in the stock, so Uiat tiie activity being inherent to each component lowers, whereby a 
synergistic effect performed by three components consisting of bentonite. colloidal silica and cationized 
starch can not be revealed. Especially, it is estimated that on condition that cationized starch and water- 
soluble aluminum salt have already been added to the stock, if the addition time Interval between bentonite 
30 and colloidal silica is long, only one of them does predominantiy react with cationic substance, so that the 
synergistic effect is extremely damaged. 



Examples 

3S 

The following examples will well illustrate tiie process of this invention. The methods for measuring 
characteristics for evaluating the effect of this invention used in examples are described In tiie following. 



40 (1) Measurement of retention 

For measuring in laboratory, a britt jar is used. Drainage (rate) is adjusted at 200 ml /min of flow amount 
by selecting the diameter of the holes opened on the top of a glass tube having the shape of cone 
connected via. a mbber tube with the britt-jar. As wire, is used a plastic wire of 80 meshs for making a 
45 condition supposed to actual paper-making machine. Pulp slurry is made so that 40 wt parts of LBKP 
refined up to 400 ml CSF, 30 wt. parts of NBKP refined up to 550ml CSF. and 30 wt. parts of bleached 
stone groundwood pulp (BQP ) are admixed witii 20 wt. parts of precipitated carbonate added as filler, and 
the resulting slurry is adjusted so as to have tiie total solid content amounted to 0.6 wt. %. 
The measuring steps are carried out In the following order. 
60 ( A ) Pulp slurry (500 ml) Is entered Into britt-jar with stirring at 1500 rpm, and water-soluble 

aluminum salt is then added. Time measurement is begun at once on the addition of the latter. On condition 
that water-soluble aluminum salt is not added, time measurement is begun from the Initial state. 

( 8 ) Precipitated calcium carbonate is added 60 seconds past the beginning of time mesurement. 
( C ) Cationized starch is added 60 sec. past tiie addition (B) . 
55 ( D ) Stirring is lowered down to 800 rpm 30 sec. past the addition (C) . 

( E ) Bentonite is added 30 sec. past (D) . Simultaneous addition is that bentonite and colloidal silica 
are added simultaneously. Continuous addition is tiiat colloidal silica is added without time interval after 
bentonite is added. 
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( F ) On condition that neither simultaneous nor continuous addition is carried out. colloidal silica is 
added 60 sec. past the addition of tjentonite. 

( H ) Water (100 ml) is sampled 10 sec. past the beginning of draining water, and is weighed, and 
filtered by a filter paper for quantitative analysis (5C manufactured by TOYO ROSHl Co. Ltd.) . and dried at 
105' C . to measure the solid content, which is referred as " t " . 

( I ) Thereafter, the resulting one is calcined at 450 to make ash and the weight of ash ts 
measured, which is referred as " a * . 

( J ) Accurate value of solid (cellulose + filler) content contained In 100ml of original pulp suspension 

Is determined, which is refen-ed as " T " . 

( L ) Yield is calculated In the following equation. 
Retention of stock* [ ( T - 1 ) / T ] x 100 
Retention of filler= [ ( A - a ) / A ] x 100 

The Retention on actual paper machine represents the data that wood containing paper is made on 
condition of 640 m/min of machine speed, 64 g/m2 of grammage of paper, on twin-wire former. Pulp sluny 
is that 15 wt. parts of ground limestone is added to 60 wt. parts of LBKP. 20wt. parts of NBKP and 20 wt. 
parts of BGP. 



(2) Measurement of drainage 

Measurement of drainage in laboratory is canied out by using Canadian standard freeness tester, the 
bottom holes of which are closed. Pulp sluny (one liter ) which is the same as that for measuring retention 
is entered into a vessel, and then water-soluble aluminum salt, calcium carbonate, and cationized starch are 
added thereto, on the same condition as that for measuring retention. Stin-lng is stopped 80 sec. past the 
addition of cationized starch, and the stock or pulp sluny is at once transported to a messcylinder (one liter 
vol.) . and bentonite is further added thereto, and thereafter the messcylinder is turn upside down three 
times. 

In case of simultaneous addition, bentonite and colloidal silica are added at the same time. In case of 
continuous addition, colloidal silica is added at once without time interval after bentonite is added. 

In case of neither simultaneous nor continuous addition, bentonite is firstly added, thereafter the 
messcylinder is turn, and then colloidal silica is added 60 sec. past the tuming, and then the messcylinder 
is turn upside down three times. After the tuming. the stock (pulp slurry ) is entered to the chamber of the 
freeness tester to measure the time It takes for the filtrate to amount to 70 ml. 



Example 1 -11 Referential Example 1-10 

In these examples, a cationized starch containing 0.30 wt. % of basic nitrogen atom produced from 
potato starch, colloidal silica having about 500 m^/g of specific surface, and bentonite (Organosoap<S>, 
manufactured by Allied Colloids Incorp. ) are used. Table 1 shows the data of these examples. 

As water-soluble aluminum salt, is used aluminum sulfate whose addition amount as AI2O3 Is 0.05 wt. 
% based on pulp. In the column of "addition method" , addition time interval between bentonite and 
colloidal silica is shown. 

The amounts of chemical substances added is shown based on pulp. Retention of filler and retention of 
paper stock are measured and shown as %, whereby the sluny used includes 0.584 g of solid content ( T ) 
of the stock, and 0.1 1 1g of ash content ( A ). and is at 7.9 of pH. 

As reference, the retention in the systems with no addition of bentonite are measured, which are 
referred as Referential Example 1 -6 . And. the retention is measured in the system in which colloidal silica 
is not used, and bentonite and anionic polyacrylamide are used, which are refen'ed as Referential Example 
of 7-9. Also, in comparison with Example 8. there is measured the retention in the system where the 
addition time interval of bentonite and colloidal silica is 60 sec., which is referred as Referential Example 10. 
The retentions measured are shown in Table 1. 
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Example 12 Referential Example 11 and 12 

Example 12 is carried out by the use of a practical paper-making machine. Chemicals added are the 
same as in Example 1 11, provided that as cationized starch is used the one containing 0.30 wt.% of 
basic nitrogen atom produced from tapioka starch. Seven days after paper-making operation is continued, 
appreciable contamination is not found by checking various places of the paper making system. 

The test carried out in the system in which bentonite and aluminum sulfate are not added, is shown by 
Referential Example 1 1 , wherein contamination of paper surface appears, so that operation of the machine 
is stopped. 

The test carried out in the system In which bentonite is not added is shown by Referential Example 12. 
wherein no contamination of paper surface is observed, but dirt deposlte on wire, felt suction box, canvas, 
etc. is observed by checking various places on the machine 24 hrs. after operation. The results in these 
experiments are shown in Table 2. 
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Effect of the invention 

According to the present invention, It is possible that the retention of fiber and filler are remarlcably 
improved, and also drainage of stock or pulp slurry are Improved, so that machine operation speed can be 
improved, in the paper-mai<ing system containing a large majority of high yield pulp, in comparison with 
prior systems for improving the retention. 

And, accordlndg to the present Invention, pitch trouble are considerably decreased which occurs most 
frequently in neutral paper-making system on account of resin pitch contained in high yield pulp and so- 
called white pitch due to the latex used in case of using coated broke, so that the frequency of web-break 
decreases, and paper productivity is improved, and the concentration of white water decreases, which 
results in decrese of load in white water-treanment system. 

Above-said effct enables the neutral paper making which has been heretofore mainly executed only in 
woodfree paper-making system to be successfully effected in the wood containing paper making system 
with no trouble on operation. 



Claims 

1. Process for producing a neutral paper which comprises adding a cationized starch, bentonite and 
colloidal silica to a stock slurry consisting of filler and puip-stuff containing a high yield pulp in an amount 
ranging from zero to 100 weight percents to make paper In a neutral pH range. 

2. Process as claimed in Claim 1 ., wherein the addition amount of bentonite is in a range of 0.02 wt, % 
based on cellulose, the addition amount of colloidal silica is in a range of 0.01 wt.% to 1.0 wt. % based on 
cellulose, the weight ratio of colloidal silica/bentonite is in a range of 1/1 to 1/25, the stock slurry Is adjusted 
at a pH ranging from 6 to 9, and before a wet web layer is formed on the wire of paper machine, the 
cationized starch is first added to the stock slurry, and thereafter bentonite and colloidal silica are added 
thereto either simultaneously or successively with a time interval of at most 60 seconds. 

3. Process for producing a neutral paper which comprises adding a water-soluble aluminum salt, a 
cationized starch, bentonite and colloidal silica to a stock slunry consisting of filler and pulp-stuff containing 
a high yield pulp in an amount ranging from zero to 100 weight percents to make paper in a neutral pH 
range. 

4. Process as claimed In Claim 3, wherein the addition amount of water-soluble aluminum salt as AI2O3 
based on cellulose is in a range of 0.01 wt.% to 1.0 wt. %, the addition amount of bentonite is in a range of 
0.05 wt. % to 2 wt. % based on cellulose, the addition amount of colloidal silica is in a range of 0.01 wt.% 
to 1.0 wt. % based on cellulose, the weight ratio of colloidal silica/bentonite Is in a range of 1/0.5 to 1/15, 
and the weight ratio of colloidal silica/cationized starch is in a range of 1/1 to 1/25. and the stock slurry is 
adjusted at a pH ranging from 6 to 9, and in advance of being allowed to form a wet web layer on the wire 
of paper machine, the water-soluble aluminum salt and cationized starch are added, and thereafter 
bentonite, and colloidal silica are added either simultaneously or successively with a time lag of at most 60 
seconds. 
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